The present experiments examined the effects of injecting glucose into the dorsal hippocampus or dorsolateral striatum on learning rates and on strategy selection in rats trained on a T-maze that can be solved by using either a hippocampus-sensitive place or striatum-sensitive response strategy. Percentage strategy selection on a probe trial (P crit ) administered after rats achieved criterion (nine of 10 correct choices) varied by group. All groups predominately exhibited a response strategy on a probe trial administered after overtraining, i.e., after 90 trials. In experiment 1, rats that received intrahippocampal glucose injections showed enhanced acquisition of the T-maze and showed increased use of response solutions at P crit compared with that of unimplanted and artificial cerebral spinal fluid (aCSF)-treated groups. These findings suggest that glucose enhanced hippocampal functions to accelerate the rate of learning and the early adoption of a response strategy. In experiment 2, rats that received intrastriatal glucose injections exhibited place solutions early in training and reached criterion more slowly than did aCSF controls, with learning rates comparable to those of unoperated and operated-uninjected controls. Relative to unoperated, operated-uninjected and glucose-injected rats, rats that received intrastriatal aCSF injections showed enhanced acquisition of the T-maze and increased use of response solutions at P crit . The unexpected enhanced acquisition seen after striatal aCSF injections suggests at least two possible interpretations: (1) aCSF impaired striatal function, thereby releasing competition with the hippocampus and ceding control over learning to the hippocampus during early training trials; and (2) aCSF enhanced striatal functioning to facilitate striatal-sensitive learning. With either interpretation, the results indicate that intrastriatal glucose injections compensated for the aCSF-induced effect. Finally, enhanced acquisition regardless of treatment was accompanied by rapid adoption of a response solution for the T-maze.
hancement of particular types of learning and memory following pharmacological manipulations of the hippocampus or striatum. Post-training amphetamine enhances later memory for a winstay task, but not a win-shift task, when injected into the striatum but enhances later memory for a win-shift task, and not a win-stay task, when injected into the hippocampus (Packard and White 1991) . Similarly, post-training injections of amphetamine into the striatum facilitate later memory for training on a cued but not a spatial version of the water task. Conversely, injections into the hippocampus facilitate later retention for a spatial but not a cued version of the task (Packard et al. 1994) . Thus, the findings of both lesion and pharmacological studies provide substantial support for the view that the hippocampus and striatum are neural systems that process information for different types of learning and memory.
Recent findings suggest that the interactions between the hippocampus and striatum might be characterized as competitive in nature (cf. Packard and Knowlton 2002; White and McDonald 2002; Poldrack and Packard 2003; Gold 2004 ; however, see Voermans et al. 2004 ). In particular, interference with the functioning of one neural system can facilitate behavioral expression of memory sensitive to interference with the functioning of another system. For example, lesions of the striatum enhance acquisition of a spatial Y-maze discrimination task, a task impaired by lesions of the hippocampus (Mitchell and Hall 1988) . Conversely, lesions of the fimbria/fornix, often shown to impair spatial learning (see Olton et al. 1979; Walker and Olton 1979; Cassel et al. 1998) , enhance nonspatial learning in rats (Matthews et al. 1999) . Findings supporting the notion of competitive interactions between the hippocampus and striatum have also been evident with pharmacological manipulations. Inactivation of the hippocampus with infusions of lidocaine prior to training impairs acquisition of a spatial version of the plus-maze task yet enhances acquisition of a response version of the task (Chang and Gold 2003b) . Similarly, post-training intrahippocampal infusions of bupivacaine attenuate acquisition of a spatial version of a water plus-maze task and enhance acquisition of a response version of the task (Schroeder et al. 2002) . These results are consistent with the hypothesis that one neural system (e.g., hippocampus) may process information that is not useful when solving a task that is predominantly dependent on another system (e.g., striatum), thereby interfering with learning of the task (cf. White and McDonald 2002; Poldrack and Packard 2003; Gold 2004) .
The differences in participation of the hippocampus and striatum to different types of learning and memory imply that pharmacological agents that enhance memory when injected into the hippocampus or striatum might influence the strategy a rat prefers when learning a task that can be solved successfully with either of two strategies. The T-maze (Tolman et al. 1946 (Tolman et al. , 1947 Restle 1957) can be solved by using either a hippocampussensitive place or a striatum-sensitive response strategy (Packard and McGaugh 1996; Packard 1999) . When rats are trained on this task, they generally use a place solution early in training and then switch to expressing a response solution later in training, suggesting that hippocampal processes control expression of learning in early training trials but that striatal processes take over later in training (Packard and McGaugh 1996; Packard 1999; Chang and Gold 2003a) . However, this behavioral phenomenon depends on intra-and extramaze cue arrangements and densities (Tolman et al. 1946 (Tolman et al. , 1947 .
Post-training injections of glutamate into the hippocampus prolong the use of a place strategy and block the switch to a response strategy when rats are trained across days in a T-maze. Conversely, post-training glutamate injections into the striatum result in rats using response strategies early in training as well as late in training. These findings suggest that manipulations of neurotransmitters within a particular neural system modulate the relative participation of that structure during learning and memory processing (Packard 1999) . Also consistent with this view, the pattern of acetylcholine (ACh) release in the hippocampus and striatum during training is associated with the use of place and response solutions (Chang and Gold 2003a; McIntyre et al. 2003; cf. Gold 2003) . Importantly, both neurochemical and physiological findings suggest that while there may be competition in terms of the learned responses expressed when memory is tested, both the hippocampus and striatum are engaged during learning in the T-maze and are important processors for T-maze learning (White and McDonald 2002; Chang and Gold 2003a; Mizumori et al. 2004) .
The primary question we investigated in the present experiments was whether pre-training injections of glucose into either the dorsal hippocampus or dorsolateral striatum would modulate learning and strategy selection during massed training in a Tmaze.
Results

Experiment 1: Effects of intrahippocampal injections of glucose on T-maze learning
Early learning rates (trial blocks 1-3) in the glucose-treated group were significantly faster than those in the artificial cerebral spinal fluid (aCSF) group [F (1,30) = 4.74; P < 0.05)] (Fig. 1) . As shown in Figure 2 , rats that received glucose injections reached criterion in fewer trials than did rats that received hippocampal aCSF injections [mean (‫ע‬SEM) = 21 (2.4), 30 (3.9), respectively; P < 0.05], or rats that served as unoperated controls [29 (2.5); P < 0.05]. The number of trials to criterion was comparable in rats that received dorsal hippocampus aCSF injections and unoperated rats (P Ն 0.8). Figure 3 shows the relative strategy selection on the first probe trial administered after criterion of nine of 10 correct (P crit ) used by the unoperated group and by groups receiving intrahippocampal injections of aCSF or glucose. Unoperated control rats expressed equivalent use of a place or response strategy at P crit (50% place vs. 50% response). Similarly, rats that received dorsal hippocampus aCSF injections showed similar use of a place or response strategy at P crit (53% place vs. 47% response). In contrast, rats that received glucose injections into the dorsal hippocampus tended to exhibit a response solution at P crit (29% place vs. 71% response; P < 0.1; 2 = 2.88). On the final probe trial administered after completion of 90 training trials, all groups exhibited predominately response solutions (58%-80% response; data not shown). Learning curves for groups receiving glucose or aCSF injections into dorsal hippocampus and for unoperated (Unop) controls. The hippocampus glucose group exhibited more rapid learning (blocks 1-3) than did the aCSF group (P < 0.05).
Discussion
Intrahippocampal injections of glucose administered shortly before training enhanced the rate of acquisition of a T-maze. Glucose also modulated the pattern of place versus response solutions selected by the rats on the probe trial administered soon after each rat reached criterion.
The enhancement in learning rates by glucose is consistent with enhancement by intrahippocampal glucose of memory scores on a spontaneous alternation task (Ragozzino et al. 1998; Stefani and Gold 2001) . While the present findings, to our knowledge, represent the first demonstration of enhancement of appetitive maze learning by infusions of glucose into the hippocampus, the findings are consistent with evidence obtained with other treatments showing that intrahippocampal injections of drugs that generally activate the hippocampus enhance learning and memory for several tasks. For example, intrahippocampal injections of corticosterone or cysteamine enhance appetitive operant conditioning (Micheau et al. 1984; Guillou et al. 1999 ). In addition, intrahippocampal injections of amphetamine, bicuculline, nicotine, or corticosterone enhance inhibitory avoidance memory (Lee and Ma 1995; Roozendaal et al. 1999; Luft et al. 2004; Marta-Barros et al. 2004) , and estrogen injections enhance memory for a spatial swim task Packard 1998) and for an appetitive place task (Korol 2004) .
Particularly relevant here are the results obtained with a test of the effects of intrahippocampal glutamate injections on Tmaze learning (Packard 1999) . In contrast to the glucose enhancement of the rate of acquisition and expression of a response strategy seen here, glutamate had no evident effects on learning rates, but robustly enhanced and prolonged expression of a place strategy revealed on probe trials. A key difference between the present experiment and Packard (1999) is the use of different drug treatments. However, there are also other important differences in the methods employed, including pre-training versus post-training injections, and training administered within a single session versus training administered at four trials per day for 16 d in the present and Packard (1999) experiments, respectively. In the present experiments, pre-training intrahippocampal glucose injections enhanced the rate of learning and therefore may have enhanced an early switch to response solutions.
Results Experiment 2: Effects of intrastriatal injections of glucose on T-maze learning
Rats that received aCSF injections into the dorsolateral striatum exhibited more rapid learning than did cannulae-implanted rats that did not receive injections (no injection) or unoperated rats. The rats that received injections of glucose into the dorsolateral striatum had learning curves comparable to those of no injection and unoperated rats and slower than those of aCSF-treated rats. As shown in Figure 4 , the initial rates of learning revealed that the aCSF group showed significantly enhanced learning rates compared to those of the glucose [F (1,14) = 7.95; P < 0.01], no injection [F (1,11) = 19.89; P < 0.01], or unoperated [F (1,15) = 10.36; P < 0.01] groups. The rapid learning in the aCSF group compared with either glucose, no injection, or unoperated controls groups was also revealed in analyses of trials to criterion (Fig. 5) . The rats that received dorsolateral striatum aCSF injections reached criterion performance more quickly than did glucose (P < 0.01), no injection (P < 0.01), and unoperated (P < 0.01) rats. In addition, rats administered glucose reached criterion more slowly than did unoperated rats (P < 0.07).
As shown in Figure 6 , rats that received aCSF injections into the dorsolateral striatum tended to use a response solution at P crit (29% place vs. 71% response). The glucose and no injection groups showed a preference for the place solution at P crit [78% place, 22% response ( 2 = 2.76, P < 0.1), 67, 33%, respectively]. Thus, the aCSF group learned most rapidly and showed early use of a response solution. In contrast, the glucose and no injection groups learned more slowly and showed early use of a place solution. On the final probe trial administered after completion of 90 training trials, all groups exhibited predominately response solutions (57%-70% response; data not shown).
Discussion
The interpretation of the effects of injections of glucose into the dorsolateral striatum on learning and on strategy selection during T-maze training is complicated by the difference in learning rates exhibited in the aCSF-injected group. One interpretation of these findings is that, early in training, the hippocampus and striatum compete for control over learning. According to this view, aCSF injections may have impaired striatal function, leading to augmented hippocampal control over early learning, a stage of learning in the T-maze that is putatively mediated by the hippocampus (cf. Packard and McGaugh 1996) . This interpretation is consistent with similar findings after striatal damage obtained in a different task (Mitchell and Hall 1988) and fits into a broader set of findings showing enhanced learning and memory on specific tasks after selective interference with the functions of some neural systems. For example, enhanced memory for nonspatial learning and for conditioned cue preference training are evident after damage to the hippocampal formation (White and McDonald 1993; McDonald and White 1995; Matthews et al. 1999; Ferbinteanu and McDonald 2001) . Furthermore, using re- Figure 3 . Use of place vs. response solutions on the first probe trial after each rat reached criterion of nine of 10 correct, P crit (hippocampus). Note that the hippocampus glucose group, in which learning was most rapid, predominantly exhibited a response solution. Trials to criterion for groups receiving glucose or aCSF injections into the dorsal hippocampus and for unoperated controls. The group that received pretraining injections of glucose into the hippocampus reached criterion (nine of 10 correct) in a T-maze in significantly fewer trials than did either the aCSF or unoperated (Unop) groups. Asterisk indicates P < 0.05. lease of ACh in the hippocampus as a measure of the extent of engagement the hippocampus has during training, the magnitude of release of ACh in the hippocampus is inversely related to acquisition of a conditioned cue preference task, a task sensitive to amygdala lesions and to direct pharmacological manipulations (McIntyre et al. 2002 ). An alternative interpretation is that striatal aCSF injections enhanced striatal function, thereby enhancing striatal-sensitive learning (e.g. response learning) and facilitating a response strategy. While the nature of the functional interactions between hippocampus and striatum is not well understood, functional interactions between these brain systems are also seen in humans in young adults (Poldrack et al. 2001; Iaria et al. 2003; cf: Packard and Knowlton 2002; Poldrack and Packard 2003; Poldrack and Rodriguez 2004) and in comparisons of healthy subjects and individuals with Huntington's disease (Voermans et al. 2004) .
The mechanistic effects of aCSF or glucose injections into the dorsolateral striatum are unclear. However, similar to the present findings, other studies have also shown reversal of learning and memory deficits by treatments administered at a site of damage. For example, rats exhibited deficits in memory for inhibitory avoidance training after implantation of electrodes into the mesencephalic reticular formation (Denti et al. 1970) or amygdala (Gold et al. 1978) . In both cases, electrical stimulation through the electrodes at the time of training reversed the deficits, i.e., enhanced memory. The findings of the present experiment imply that the effects of aCSF injections into the dorsolateral striatum were reversed by glucose injections into the same brain region. This is, to our knowledge, the first instance in which a drug that generally enhances memory, i.e., glucose, apparently reinstated basal level interaction or competition between neural systems.
The results obtained on the probe trials are particularly interesting. Striatal glucose-treated rats exhibited slow rates of acquisition compared with that of the aCSF group and showed a strong tendency to use a place strategy early in training. In the rats in the striatal aCSF group, rapid acquisition was accompanied by a preference for a response solution. Thus, earlier adoption of a response solution appeared in those rats that showed rapid acquisition relative to those that showed slow acquisition in the T-maze. Confirming this observation, as shown in Figure  7 , combining the data from all rats in both experiments and separating rats by use of a response or place strategy at P crit revealed that, regardless of group, rats that exhibited early use of a response strategy showed enhanced acquisition of the T-maze (P < 0.04).
General discussion
The T-maze is an attractive task with which to examine interactions between memory systems because a rat can successfully learn to obtain a food reward by using either place or response solutions, sensitive to hippocampus or striatum manipulations, respectively (Tolman et al. 1946 (Tolman et al. , 1947 Restle 1957; Packard and McGaugh 1996; Packard 1999; Chang and Gold 2003a; McIntyre et al. 2003) . Given this dissociation, it seemed plausible that acquisition rates would be unaltered by glucose infusions into these structures, but preferred solution strategies would differ. However, there were indeed clear differences in rates of acquisition across groups. Compared with the unoperated and the hippocampus aCSF groups (Experiment 1), acquisition of the T-maze was facilitated by intrahippocampal injections of glucose. However, in the dorsolateral striatum experiment (Experiment 2), the aCSF group exhibited accelerated learning compared with unoperated, no injection, and glucose-treated rats. Injections of glucose into the striatum slowed learning rates to those seen in no injection rats. Thus, contrary to the hypothesis that intrahippocampal or intrastriatal glucose would not change the rate of acquisition but would change only the strategy expressed on probe trials, glucose enhanced acquisition relative to aCSF controls when injected into the dorsal hippocampus and impaired acquisition relative to the aCSF controls when injected into the dorsolateral striatum.
A second hypothesis was that, as seen with glutamate injections (Packard 1999) , injections of glucose into the hippocampus would result in preference for place solutions on probe trials, while injections of glucose into the striatum would result in response solutions. The results showed instead that injections of glucose into the dorsal hippocampus facilitated early use of a response strategy, while injections of glucose into the striatum facilitated early use of a place strategy. The preferred strategy expressed on the probe trial administered soon after the rats had met the criterion of nine of 10 correct, P crit , was related to the rate of acquisition. The groups that showed relatively slow rates of acquisition (hippocampus aCSF, striatum no injection, striatum glucose) all expressed a predominant place bias or no bias at P crit . In contrast, the groups that showed rapid acquisition (hippocampus glucose, striatum aCSF) predominantly expressed response solutions at P crit . In addition, this observation was evident when rats from all groups were separated according to strategy at P crit . Thus, a preference for a place solution early in training was evident under conditions of relatively slower learning, while a preference for response solutions was evident early in training for those rats with accelerated rates of learning, results similar to those of McEl- roy and Korol (2005) . These findings suggest at least two possibilities: (1) accelerated learning is accompanied by accelerated transition from place to response solutions, resulting in such transitions occurring prior to the first probe tests in the present experiments; and (2) early selection of a response strategy leads to accelerated learning of the T-maze.
In assessing the release of ACh in hippocampus and striatum during learning, the relative increases in ACh release during training were related to the preference for place or response solutions (McIntyre et al. 2002) . It is interesting to note that increases in release of ACh in the hippocampus preceded the increases of release of ACh in the striatum, suggesting that ACh is a marker of the transition from hippocampus-sensitive place solutions to striatum-sensitive response solutions in the T-maze (Chang and Gold 2003a) . It will be important to determine whether dynamic responses of ACh release in the two neural systems reflect enhanced learning, as seen in this experiment.
The efficacy of infusions of glucose into the dorsal hippocampus and dorsolateral striatum in modulating learning and memory may be related to findings that dynamic changes in extracellular glucose levels in the brain are associated with memory processing (cf. McNay et al. 2000; Gold 2001; McNay and Gold 2002; McNay and Sherwin 2004) . Of particular interest here, glucose levels in the hippocampus, but not striatum, decrease when rats are tested on a hippocampus-dependent spontaneous alternation task. Peripheral injections of glucose block the depletion of extracellular fluid glucose levels in the hippocampus while enhancing memory in a spontaneous alternation task (McNay et al. 2001) . It is possible that direct glucose injections into both brain areas modulate learning and memory by blocking the depletion of glucose in the extracellular fluid. Yet to be conducted are tests of the possibility that extracellular glucose levels in the dorsolateral striatum are responsive to training on tasks sensitive to lesions of the dorsolateral striatum.
A mechanism by which central glucose modulates memory processes includes effects, likely indirect, on ACh release in a manner that appears to be related to memory processing. Systemic glucose injections increase hippocampal ACh release (Durkin et al. 1992) , and both systemic and intrahippocampal glucose injections increase ACh release in the hippocampus while also enhancing spontaneous alternation performance (Ragozzino et al. 1996 (Ragozzino et al. , 1998 . Other putative memory-modulating mechanisms of glucose include regulation of potassium-ATP channels to modify neural excitability Gold 1998, 2001; Stefani et al. 1999; Rashidy-Pour 2001) , and modulation of GABA neurotransmission (Degroot et al. 2003) .
In summary, the findings of these experiments indicate that glucose injections into the dorsal hippocampus or dorsolateral striatum modulate learning in the T-maze and indicate that the generally observed progression of learning in the T-maze for untreated rats, from place to response, can be altered by manipulations of hippocampus or striatum function.
Materials and Methods
Experiment 1
Subjects
Male Sprague-Dawley rats (Harlan Laboratories), ∼3 mo old, were individually housed and maintained on a 12-h light/12-h dark cycle (lights on at 0800) with free access to food and water for at least 1 wk prior to surgery. All training was performed between 1200 and 1700 h.
Surgery
Rats were anesthetized with sodium pentobarbital (65 mg/kg, i.p.), and treated with atropine sulfate (0.27 mg/kg, i.p.). By using standard stereotaxic procedures, sterile, stainless steel guide cannulae (22 gauge; Plastics One, Inc.) were implanted bilaterally into the dorsal hippocampus (nosebar, ‫,3.3מ‬ AP, ‫;0.4מ‬ ML, ‫;9.2ע‬ DV, ‫8.1מ‬ mm from dura) according to the atlas of Paxinos and Watson (1986) . Saline (0.9% solution, 6.0 mL) was administered subcutaneously as supportive fluid following surgery, and buprenorphine (0.05 mg/kg, i.p.) was administered as postoperative analgesic.
Training procedures
Beginning Ն1 wk after surgery, rats were placed on a food restriction schedule that reduced their body weights to 80%-85% of baseline and then maintained their weights at that level. Rats were handled daily, beginning at the start of food deprivation and continuing for at least 7 d until behavioral procedures were conducted. On each of the 3 d before testing, rats were given ∼10 Noyes pellets (45 mg each) in their home cage to habituate them to the reward used during training.
Rats were trained on a four-arm, plus-shaped maze (arms: 45-cm length, 14-cm width, 7.5-cm height; center area: 14 cm ‫ן‬ 14 cm) constructed of opaque, black Plexiglas. A removable Plexiglas barrier was used to block the entrance to one testing arm, rendering a T-shaped maze. The maze was placed in the center of the testing rooms on a table 76 cm above the floor and at least 65 cm away from a rich assortment of extramaze visual cues.
Intracranial injections and behavioral testing
aCSF (containing 0.5 nmol glucose in 0.5 µL) or glucose (16.7 nmol in 0.5 µL aCSF) was injected bilaterally into the dorsal hippocampus prior to training. The glucose dose used was shown previously to modulate memory with direct brain injections Figure 6 . Use of place vs. response solutions on the first probe trial after each rat reached criterion of nine of 10 correct, P crit . Note that the striatal glucose and no injection (No inj) groups showed a place strategy preference. However, the aCSF group, in which learning was most rapid, predominantly exhibited a response strategy. Figure 7 . Strategy selection at P crit by trials to criterion across all groups. Rats that exhibited a response solution at P crit showed enhanced acquisition relative to rats that exhibited a place solution at P crit . Asterisk indicates P < 0.05.
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Cold Spring Harbor Laboratory Press on November 2, 2017 -Published by learnmem.cshlp.org Downloaded from (Ragozzino and Gold 1994; McNay and Gold 1998) . A separate group of rats served as unoperated controls. Thus, the experimental design included three groups: unoperated (N = 10), dorsal hippocampus aCSF (N = 15), and dorsal hippocampus glucose (N = 17).
Two 25-µL Hamilton syringes were each connected with polyethylene tubing to 28-gauge, sterile infusion cannulae. The cannulae protruded 1 mm beyond the guide cannulae pedestals when inserted. The syringes were attached to a CMA 100 pump (Carnegie Medicin). Infusion cannulae were gently inserted into the guide cannulae, and injections were made over a 2-min period at a perfusion rate of 0.25 µL/min. To allow diffusion of drug, the infusion cannulae were left in place 1 min following the injection.
Beginning ∼4 min after the injection, each rat was placed in the east arm of the T-maze facing west and trained to approach either the south or north arm for two Noyes pellets. After making a choice, the rat was placed for ∼30 sec in its home cage, located on the floor of the testing room. During this intertrial interval, the maze was rotated 90°in a clockwise direction, using preset stops, to prevent the successful use of intramaze cues to reach the goal arm. After every 15th training trial, the start arm of the maze was rotated 180°relative to the training trials; rats were placed in the west arm facing east for a probe trial to assess strategy. During this probe trial, both arms were baited. Obtaining the reward by turning toward the spatial location of the reward was designated a "place" strategy. Obtaining the reward by turning in the same direction (left or right) as during training was termed a "response" strategy (Restle 1957) . Rats received 90 training trials, with six probe trials. Percentage of correct choices, blocked into 10 consecutive trials, defined learning curves for each group. In addition, trials to criterion (nine of 10 correct) and strategy selection (place or response) were recorded. The results presented here are those obtained on the first probe trial after rats reached the nine of 10 criterion, designated P crit . Across all groups, P crit occurred at a mean of 6.6 ‫ע‬ 0.2 SEM trials after rats reached the nine of 10 criterion. There were no significant differences between groups in the number of trials between reaching criterion and the next probe trial (Ps = 0.66-0.97).
Because the hippocampus is particularly seizure-prone, electrographic records of the hippocampus were taken from additional rats before, during, and after injections of either aCSF (N = 2) or glucose (N = 2). No epileptiform or other gross electrographic abnormalities were observed (data not shown).
Histology
Following testing, subjects were euthanized by overdose with pentobarbital (120 mg/kg). Brains were removed and were stored in 10% formalin solution. The brains were later frozen and sectioned at 50 µm on a Reichert-Jung cryostat. Sections were stained with cresyl violet, and placements of cannulae were identified. Figure 8 illustrates a representative example of cannulae placement in the dorsal hippocampus.
Statistical analyses
Paired t-tests were used to analyze differences in trials to criterion (nine of 10 correct) between glucose, aCSF, and unoperated groups. A single-factor, repeated-measures ANOVA test was used to analyze early learning differences (trial blocks 1-3) between aCSF-and glucose-injected groups.
2 tests were used to assess within group differences in place versus response strategies at P crit .
Experiment 2
All housing, general surgery, training, drug infusion, and statistical procedures were as in Experiment 1. For cannulae implants into the dorsolateral striatum, the stereotaxic coordinates were as follows: nosebar, ‫;3.3מ‬ AP, ‫;3.0מ‬ ML, ‫;8.3ע‬ and DV, ‫6.2מ‬ mm from dura (Paxinos and Watson 1986) . The experimental design included four groups: unoperated (N = 10; same rats as experiment 1), dorsolateral striatum no injection (N = 6), dorsolateral striatum aCSF (N = 7), and dorsolateral striatum glucose (N = 9). Training of rats in both experiments overlapped in time. In particular, unoperated controls were included at the time of testing the effects of both hippocampal and striatal manipulation and were pooled for statistical comparisons. Figure 9 illustrates a representative example of cannulae placement in the dorsolateral striatum. 
